Microalgae are single cell organisms that have the potential to be developed as feedstock for biodiesel oil. One of the problems of using microalgae as feedstock for biodiesel is in the extraction process. Microalgae extraction requires considerable cost. The purpose of this study was to determine the effect of ohmic heating as a method of pretreatment in microalgae oil extraction. The raw materials used were microalgae paste diluted in two levels cell density, 20 g/L, and 30 g/L. The pretreatment using alternating current (AC) electric with two voltage levels (55 V and 110 V), and the duration of pretreatment was 30 seconds and 60 seconds. The next step was drying and extracting microalgae by solvent extraction method of n-hexane. The results showed that the highest oil yields (14.88%) were obtained by cell density treatment 20 g/L, done for 60 seconds of pretreatment and 110 V voltage. This result was higher than without pretreatment, so the use of pretreatment by ohmic heating can improve extracted oil yield than without pretreatment.
INTRODUCTION
Microalgae are single-celled organisms that have considerable potential as sources of biodiesel feedstock.
Microalgae include microscopic organisms that can perform photosynthesis. Microalgae can be found in marine and freshwater environments [1, 2] , and have the ability to produce 1.83 tons of CO2 in the atmosphere when producing 1 ton of algae biomass [3] . Compared to other oilproducing plants, every hectare of microalgae in the waters can produce 10 to 100 times oil [1, 4] .
The use of microalgae as a fuel includes third generation biofuels that have advantages over the previous generation [5] . The advantages of microalgae as biodiesel feedstock are they: (a) can produce higher than food crop, (b) can grow on marginal land, (c) can utilise seawater and wastewater as culture medium, (d) can produce material burns that are non-toxic, biodegradable and renewable [6] .
The process of making biodiesel from microalgae goes through several stages, i.e. cultivation, harvesting, drying, extraction, and esterification. The extraction stage is an important step to take the microalgae oil. This stage required a relatively expensive cost. In the case of biodiesel production using microalgae, 30 -50% of the production cost for extraction activities includes cell disruption [7] . The greatest challenge to microalgae oil extraction is in the process of lysis or disruption of cells, so the cell contents are easy to remove. Oil is present in the lipid granules inside the cell.
The methods for the extraction of oil from microalgae can be done with mechanical or physically methods (oil expeller, microwave assisted extraction, ultrasonic assisted extraction) and chemically methods (Soxhlet extraction, supercritical fluid extraction, accelerated solvent extraction) [4] . Extraction results can physically remove the oil by about 75%, while chemically removing 90 -100 % oils. Increased extraction results can be done by damaging cells or lysis. Various methods are being developed by researchers to improve the extraction results, e.g., chemical, mechanical, thermal or enzymatic. A combination of extraction using cell destruction will increase extraction efficiency [8] [9] [10] .
Various methods of cell destruction continue to be developed such as high-pressure homogenizer (HPH) [11, 12] , sonication [13, 14] , microwave assisted extraction [15] [16] [17] , osmotic shock [8, 18] , solvent extraction [19] [20] [21] , supercritical fluid extraction [22] [23] [24] , and enzymatic [25, 26] . Another method of microalgae cell destruction is high voltage electricity [27] [28] [29] [30] [31] [32] [33] [34] [35] . The use of high voltage electricity proved to help improve the extraction results.
From some literature has not been found pretreatment method using low voltage electricity to help oil extraction of microalgae. Pretreatment using low voltage electricity in the form of ohmic heating [36] . The purpose of this study was to determine the effect of ohmic heating as a method of pretreatment in microalgae oil extraction.
METHODOLOGY

Materials and Methods
The raw material used is fresh microalgae nannochloropsis sp. that obtained from the Lampung Sea Fisheries Management Center (BBPBL). Microalgae culture was done in open ponds, whereas the fertiliser was commercial fertiliser N, P, and K with a specific ratio. The cell density of microalgae was 20 g/L (D1) and 30 g/L (D2). The diluent used was aquades. The solvent for extraction was n-hexane.
The equipment used was step down transformer 1000 W using State Electricity Company (PLN) power source. Pretreatment chamber used batch typed with acrylic material. The dimension of the pretreatment chamber was 5 cm x 5 cm x 3 cm with volume 75 cm 3 . The electrodes used were stainless steel with a thickness of 3 mm, and dimensions of 5 cm x 5 cm. Measuring instrument used was a thermocouple, Avometer, conductivity meter, ampere meter, and stopwatch. Extraction equipment was extractor soxhlet, glassware, water bath, oven, digital analytic, rotary vacuum evaporator.
Procedure
Pretreatment was done by inserting fresh microalgae pasta with a determined cell density (20 g/L and 30 g/L) into the pretreatment chamber with volume 75 cm 3 . The next stage was exposure to voltage electricity (55 V and 110 V) according to treatment. Duration of treatment was two levels, 30 seconds and 60 seconds. Each treatment was repeated three times.
After ohmic heating treatment, microalgae paste was dried and extracted with a chemical solvent. Chemical extraction used the Soxhlet method. The chemical solvent was n-hexane. The extraction resulted in an oil and n-hexane mixture. Separation of oil and n-hexane solvent was done using a rotary vacuum evaporator.
The principle of pretreatment work using ohmic heating was the microalgae paste in the treatment room was exposed to the flow of electricity from the positive electrode to the negative electrode which caused the cell to lysis. Lysis cells were due to electricity and heat [36, 37] . With the provision of pretreatment using ohmic heating, the contents of the cell became easy to remove
RESULTS AND DISCUSSION
Oil Yield
The yield of pretreatment oils using ohmic heating with microalgae cell density of 20 g/L at two voltage levels and two levels of exposure duration is shown in Figure 1 . As can be seen in Figure 1 the highest oil yield of 14.88% occurred at 60 seconds pretreatment and 110 V (D1T2V5), and the lowest oil yield at 30-second treatment and voltage 55 V (D1T1V4).
Pretreatment ohmic heating at 30-second exposures (T1) between 55 V (V4) and 110 V (V5) showed different results. It was found that the greater voltage produced a greater yield. The same pattern occurred at 60 seconds of electrical exposure. Electrical voltage affected the recovery of microalgae oil. The higher voltage produced or electric field strength, the greater the yield [38] .
The duration of electric field exposure affects the yield. At the same voltage level, longer electric field exposures produce greater yield. This increase in yield occurred to V4 and V5. In dilute microalgae, paste (20 g/L) showed that the increase in voltage, and longer pretreatment enhanced the yield of microalgae oil. Figures 1  and 2 ). Generally, 55 V and 110 V voltage with 30 seconds and 60-second exposure produced a higher yield of microalgae paste with a cell density of 20 g/L (dilute) than microalga paste of 30 g/L (more concentrated). In dilute paste, the highest yield was 14.88%, while in the more concentrated paste the highest yield was 7.40%.
The yield of oil produced is influenced by dilution and voltage factors. In a dilute microalgae paste, the oil yield will increase if given a greater voltage but for a more concentrated paste it will be the opposite. This was related to the occurrence of electroporation or cell permeabilization in different cell density conditions [39] . Electroporation is affected by the conductivity of the solution. This means that solutions with lower conductivity required higher voltages, while those with higher conductivity required lower voltages [40] .
As dilution affected the yield of microalgae oil, pretreatment using 55 V (low) and 30-second exposure (T1) showed that the higher the microalgae cell density, the higher the yield (see Figure 3) . In contrast, the use of 110 V with 30-second exposure, higher microalgae cell density produced a lower yield. The same pattern occurred for 60 seconds of exposure (see Figure 4) . Ohmic heating is heating that occurred due to the flow of electricity in materials that are an electrolyte. Heat occurred because of the movement of electricity. In the pretreatment of microalgae using ohmic heating, there was an increase in the temperature of the liquid. The temperature changes along with increased time due to exposure to electricity. Temperature change graph during the microalgae pretreatment process at 20 g/L and 30 g/L cell density with 60 seconds pretreatment is shown in Figure 5 . Temperature changes in ohmic heating with 60 seconds pretreatment are shown in Figure 5 . As can be seen in Figure 5 , the longer pretreatment time resulted in an increase in temperature. A faster increase in temperature occurred at a higher voltage of 110 V (V5). At a voltage of 55 V (V4), the temperature increased more slowly. Cell density also influenced the rise in temperature. The cell density of 30 g/L (D2) was greater than the cell density of 20 g/L (D1). The higher the density of the cell; the faster the temperature increased.
Pretreatment Energy
The consumption of electrical energy during the pretreatment process was related to the amount of electric current flowing, and the voltage used during the pretreatment. Electric power is the multiplication of voltage, electrical current and time. The change in electric current during pretreatment ohmic heating is shown in Figure 6 . The amount of electric current was influenced by the duration of pretreatment, the magnitude of the voltage, and the level of cell density. During the ohmic heating process there was a change in temperature, which is a function of time. The longer duration of exposure will be increasing the temperature. These temperature changes will affect electric conductivity. The greater of electric conductivity then will result in a greater current electric. Thus, increased treatment time resulted in changes in temperature, conductivity, and electric current [41] .
Changes in electric current were also influenced by electrical voltage and cell density. The greater voltage resulted in a greater current. Likewise, the more concentrated the solution, the greater the conductivity, which resulted in a greater electric current. The change in electric current was more dominantly influenced by the voltage than the cell density. In shown in Figure 7 , most of the electric current changes occurred to the treatment of D2T2V5 (cell density 30 g/L, 60 second exposure time and voltage 110 V). In this study, the energy of pretreatment per percent of the yield of oil produced was done by looking at the energy ratio to yield (see Table 1 ). The lowest ratio was in the treatment of D2T2V4 of 599, which means that to produce 1% oil required pretreatment energy of 599 J. The biggest ratio was in the treatment of D2T2V5 of 5445 which means that to produce 1% of oil needed energy 5445 J. The low ratio indicates a more efficient use of energy to produce oil.
Fatty Acid Composition
The extracted nannochloropsis composition is known from the analysis using GC-MS (see Figure 8 and Table 2 
CONCLUSION
The pretreatment method using ohmic heating can be used to help extract microalgae oil. Factors that influence ohmic heating pretreatment methods are electrical voltage, duration of treatment and cell density. During the pretreatment using ohmic heating, the temperature of the solution changes.
The highest pretreatment efficiency occurred at 55 V, for 60 seconds with a cell density of 20 g / L.
